
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD820868

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 18 AUG 1967.
Other requests shall be referred to Air Force
Technical Applications Center, Washington, DC
20330.

AFTAC ltr 25 Jan 1972



i 

00' 

00 o 
00 

UCHNICAL   REPOR1   NO, 67-51 

LONG-PERiOD SEISMOGRArH   DEVELOPMENT 

Qutrltrly Report No,4, Project W6700 

(TATWJm W u^rLAf^tfrtP 

»ill doountnt 1« »ubj»ot tfl l|«§t«l es,f ftl
e*nir?f* *?f2f 

trwiBBltlBl tu fortan H-iv-uuHmutj^^oJitn u^Mnai« w« 
M4« tttily tiUj pPttf Mppreviii 0*^^y'7fyr"^^7^9P 

D D C 
EfsraaoiaHj 

OCT111967 

c... 
CEOTECH 

A TELEDYNE COMPANY 



DISCLAIMER NOTICE 

THIS DOCUMENT IS THE BEST 

QUALITY AVAILABLE. 

COPY FURNISHED CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLY. 

I 
" . 



TECHNICAL REPORT NO.  67-11 

LONG-PERIOD SEISMOGRAPH DEVELOPMENT 

QimrUrly Report No. 4.  Project VT/6706 

by 

D.  B.  Andrww 
B. M.  KlrkpAtrkk 

Spomorcd by 

AdvAncfld R«i«»reh Projtcti Agency 
NueltAr Tfit Dntaction Office 

ARPA Ordar No.  624 

AvatUbiiity 

Qunlifivd uitri may r«qu«it espial 
of thii doeumant fromi 

Dafanaa Doeumantation Cantar 
Camaron Station 

Alexandria. Virginia 21341 

QEOTECH 
A TILSDYNI COMPANY 

34Ü1 Shiloh Road 
Garland, Taxaa 

28 Auguit 1967 



i pic mm CATION 

AfTAC Project Noi 
Project TUUi 
ARPA Ordtr No; 
ARPA Progmm Cud« 
Numi of Contrficton 

Data of Contrast! 
Amount of Contract) 
Contract Number I 
Program Managtri 

No! 

VELA T/6706 
Lung'Pariod SaUmograph Divsiopmant 
624 
6KI0 
Qaotaeh. A Taladytta Company 
Garland, Taxai 
IS June 1966 
$172,800 
AF 33(6S7)-16406 
David B. Andraw 
BR 1-2961, Araa Coda 214 



CONHONTS 

AliSTRACT 

1.    INTRODUCTION 

P»B> 

i,     DEVELOPMENT OF A LONO-PERIOD TRIAX1AL 
BOREHOLE SEISMOMETER,  TASK lb 
i, 1   Qanarftl 
2. 2   SUtui of tht cUv«lopm»»nt 

2. 2. 1   Rvmot« Uvtling 
2. 2. 2   Mftii poiltlon 
2.2. 3   Psriod ftdjuit 
2. 2. 4   Mm lock 

3. PRELIMINARY TESTING OF THE LONG-PERIOD 
TR1 AXIAL BOREHOLE SEISMOMETER, TASK Ic 
3. 1   Gtnvral 
3. 2   Stiimomatar 

3. 2. 1 Fraqutncy ratpoma 
3.2.2 Tamparatura affaetn 
3.2. 3   Till affacti 

3. 3   Inrirumant controllar 
3.4   Accanory aquipmant 

3. 4. i   Holaloeki 
3. 4. 2   Cablai and connacter« 
3. 4. 3   InataUatlon aqulpmant 

4. FIELD MEASUREMENTS WITH THE LONG-PERIOD 
TRIAXIAL BOREHOLE SEISMOMETER, TASK Id 

1 

I 

7 

7 
7 

«) 
10 
|] 
n 
n 
21 

25 

APPENDIX - Statamantof work 

• >- 

TR67-S1 

mmmmmm 



LLU«T KATIONS 

fiiun 

(. 

7 

H 

M 

10 

II 

II 

IS 

14 

PirtUUy »»«einbled »wlintometet' module ft» pre^epticl 
lor \e»i In SO ft dif«i|i holp 

MaNN poilttonlng devlc» fur on« tnudul« of lh« LP 
trl»xiftl *«ilnmomnt«ir 

Period ttdjtiit mechnnUm for one module of the LP 
trlftxiftl »rl«m(»mtMi-i' 

I' i'rM|iii.|M y   n^imiiBi-,   iimwlaiil .t m|.lilu»li'  inpu!, 

Model 26310 aelernometer 

Temperftlure «ntl mime poeltJon «• a function of time, 
Model £6310 «elemometor 

Temperature and m«»« poeltion »• « function of time, 
Model 26310 aeiimometer 

Tempr.reture and man poeition ai a function of time, 
Model 26310 ■eiimometer 

Teet letup for croee-aKii tilt teiti, Model 26310 
»selihitjmeter 

Free period and man poeition ae a function of eaneitive- 
anii tilt, Model 26310 eeiemometer 

Free period and mail poeition at a function of leniitive- 
axii tilt. Model 26310 eeiimometer 

Free period and man poeition ai a function of eenettive- 
aKii tilt, Model 26310 eeiimometer 

Free period ae a function of tilt, man held at "Hero" by 
auxiliary mate adjuitment, Model 26310 eeiimometer 

Free period and man poiitlon ai a function of croii- 
axii tilt. Model 26310 ieiimomater 

Load iuppo^Mng holeioek uied at the lower end of the LP 
triaaial eeiimometer 

Pane 

6 

H 

II 

12 

l s 

14 

16 

17 

IH 

Pi 

20 

22 

■ii- 

TR67-S1 



ILLUST KATIONS,   Cunlinutul 

Figur» Pnyti 

15 StftbilUlng hululock used at th« upper «nd of th« LP 2 3 
trlaxlal Beiimomttar 

16 Sp«t:ial connector required fur electrical innnectiun ii 
of the LP trlaxlal leiimometar to the multlconductor cable 

17 Stinger and ovarahot ueed to install and remove the LP 46 
trlaxlal eeiimometer 

18 Keyed coupling for maintaining orientation of the LP 27 
triaxial eeiimometer 

19 Schedule for completion of work under Project M 
VELA T/6706 

•Mi' 

TR 67.81 

i.iLLnumm.BMJUHuiiBiw 



■■ 

ABSTRACT 

D«v«lopm«nt of th« long-period trlaxUl itiimomatar tnd laboratory tailing of 
iti charaetarlitici ii anantiaily compiata.    Manufacturing changai In the 
man-lock and pariod-adjuit machaniimi ara raquirad bafora thay can ba 
anambled on tha laiimomatar for laboratory and fiald taitc of th» initrumant. 
Shaka-tabla fraquancy raipoma, tha affaet of tamparatura changai on man 
poiition, and tha affaet of initrumint tilt on tha rrtan poiition and fr«e parlod 
ara raportad. 
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mNi; i'KKini) SKI.SMJOKAJ'II UKVKLOPMKNT 

INTRÜÜUCTION 

Thl* report deBcrlba» Ih« work performed by Oeolech,  A Teledynti Compiny, 
in iccordance with the Statement of Work to be Done In AF'TAC Project 
AuthorUation No,   VKLA T/6706,  dated II Merch 1966.    The project IM under 
the technical direction of (he Me Force Technical Appllcationi Onter (AFTAC) 
and the overall direction of the Advanced Honearch Projecti Agency (AKPA). 

The report diicui««t the progrei« made on the development of a long-period 
(LP) trlanial »eUmograph during the time period 1 April to JO June 1967 and 
dealt mainly with deiign concepti,  InitrurnurU »«it«,  handling equipment, and 
the ichadule for future field evaluation of »he »n«trumantatlon. 

2.   DEVELOPMENT OF A LÜNO-PERIOD TR1AX1AL 
BOREHOLE SEISMOMETER.  TASK lb 

2. 1   GENERAL 

Development of the exparlmenlal LP trlaxlal itiimOHMttr li «i«enlially com- 
plat«.    Some minor manufacturing change« are required before the Improved 
ina««-lock and perlod-adjuat mer.h«ni«mi can be assembled.   After theae 
change« are incorporated, it will be po««lble to begin laboratory and field teiti 
of a completely aisembled mocule at part of an LP «elRmograph, 

2. 2   STATUS OF THE DEVELOPMENT 

Figure i «how« one module of the trlaxlal «eicmometer at a time during it« 
a««embly which correspond« to the and of thi« reporting period.   The module 
ha« a fully operational «ensitive element and i« shown, without it« RiindoUte 
caet,. as it wa« being prepared for lowering into a 90 ft deep teat hole at 
Qeotech'«, Garland,  Texas, plant.    The module is not fitted with the complete 
mass-locking mechanism because finished parts wore unavailable.   The com- 
pute triaxial seismometer has three aeiamomcter modules, two holeloeka, 
and a «witch unit.   Adapter ring« are used to connect these units together in a 
stack.    The overall design of the ayatem permits a single module to be operated 
independently of the other«. 
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2. t> 1    RpmotB Ltveilng 

A motorKlrlv^n iwg MKI» till iftlilc I» u«»d to «utomattcilly orecl each iitniltivH 
pltiinpnt (o thw vfli'tltttl |Ju"itlon.    Thin tablt» in pulrHml «ml In llyuri- I and h*i» 
URBII dem rlliPtl In tmrlitii' tumrltM-ly ropui'l«, 

The till Iftblu «utuin«tUally loval» In both Ih« i r«)n»-axl» «nd Ihr »«innitivn-axlii 
pUnei under control of IBV«1 »ennori.    When the module leveling (Ircull i« 
electrltally ÄctlvtttBd,  and IT the module la not already al verlUal reference, 
the lilt Uble motori automatically operatci unlll the iien«lllve element apiiroache» 
the vertical referance In both the iro»« and ■ennltlvB-axlit plane», 

The croii axli levela to within 7 arc mlnulei under control of gravity ««ming 
mercury awltchat.    Th« «enaltlve axl« muHt be leveled to a much higher pre- 
tlalon th»n that which can be obtained from Ihe mercury awllche«.    Since the 
ultimate purpoae of the leveling operation li to erect the Nennltlve element to 
its operating poultlon with the maii floating between the mam utopi.  the maaa- 
poiitlon monitor can be uaed to make the aeniltive element the level aenaot In 
the aenaltive-axia plane.    Leveling In the nonaltlve-axl» plane la,  therefore, 
accompliahed by feeding the output of the maaa-poaitlon monitor bridge circuit 
into a aenaltlve polariaed relay.    V/hen the bridge ii unbalanced (maaa located 
more than 3 mm off canter) ita output operatea the relay to control the direction 
of rotation of the aemitive axla tilt table motor.    The aaaembly 1« deaigned to 
poiition the man on the aide of center oppoalte thai indicated by the maaa- 
poaition monitor.    Therefore,  the aonaitive-axia tilt table will "hunt" and the 
maaa will continue to oacillate from atop to atop until power to the tilt table 
motora ia turned off.    The table la than level to within 19 arc aeconda In the 
aanaitive-axii plane and the maaa can be centered by an auxiliary maaa adjuat- 
ment (asetion 2, 2. 2). 

2.2.2  Maaa Poaition 

Each aeiamometer module ia equipped with a device (aee figure 2) to remotely 
center the inertial maaa between ita limit atopa.    The devicas which eonaiata 
of a motor-poaitionad auxiliary maaa« ia located on the main maaa aaaembly 
aa ahown in figure 1,    The auxiliary maaa weighaO. 59 kg (1. 2 lb) and ia 
tranalated In the plane formed by the axea of the two quart» booma.    Tranalation 
of the auxiliary maaa ahifta the canter of gravity of the !0 kg (22. OS lb) martial 
maaa.    The auxiliary maaa haa a total travel of 7 mm and li limited at each 
extreme by Microawitchea which interrupt the maaa-poaition motor circuit, 
The auxiliary maaa movea at approximately 0, 2 mm/aec and thua covera Ita 
entire range in about 30 aec.    Auxiliary maaa movement, toward or away from 
the triflexure axia (aee aection 2, 2. 3). lengthena or ahortana the Inertial maaa 
moment armi therefore, the reaultant torque which aupporta the maaa ia 
either deci-eaaed or Increaaed and the maaa poaition ia altered aeeordingty, 
The device haa been completely teated in the laboratory and will center the maaa 
under all operating eonditiona after the leiamomater module haa been leveled 
at deacribed in aection 2. 2. 1, 
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1, i, J   Period Adjuwt 

'VHP I'^mulply (ipppBiPtl inM-lud-rtdjunt HUM hfniimu,   »hiiwit In Hmin-  S,  IN 
mounled un the liiHtnimmit AM illnxi IMIIM! in limir^ I,    Thr* milt In A motor- 
(h'lvt'ii dttvite In which a Inn « IM «ppllpd tu the «djuntnlj'«1 lip of ihr iriflsNun 
«ii>«mbly.    Th« trlfleKure, which in th« malm |iivyt uf th« ■pring-m«MM «yntem. 
>* dnHiyiicil to j.nividi' a mnrtll poMltivs rttiturlnH itin i> to tht» Mpi'lng nytitem 
(conii Ung of th« trifinKure pivot,  thren cromiflexur^N or fliondiN pivoti. and 
the heiicai toll spring),    A timiil« force on the »djuntable Up of the triflenure 
clecreaieii the internal loading of the trlflewure and Iherehy increaie« the 
poiltive reitUirlng force of th« aprlng Myiilim,    An inireami in the uverall 
rentoring force ■hortam the module free period.    The trifleaure can be 
operated with comprenlon forces on the adjuitabla lip,  thue producing nega- 
tive reitnring forcee,  but for the purpouen of th« present deeign, only poeitive 
restoring forces are deiired. 

Th« ««ismometer module free p«rlod Is adjustable from 10 to £*> seconds and 
th« rang« can b« cov«r«d in about IS mlnut«« of p«rtod-adJusl, motor operation, 
Th« r«mot« chang« of modul« free period is not a linear Urne function since 
It is accompllshad by changing th« systam restoring force.    System restoring 
fore«« at th« short p«rlod8 ar« naturally gr«at«r and, therefore,  require 
larger loads on the trlfUxure adjustable Up,    Laboratory tests show that about 
18 s«cond« of parlod-adjust motor oparat^on ar« r«qulr«d to chang« th« module 
free period from i% to 24 seconds whü« about 2. § minutes ar« required to 
chang« from 11 to 10 seconds,    Aft«r minor modification« to reduce linkage 
Inefflciencl««.  suc(?«ssful t««tii of on« parlod-adjust mflchanUm war« concluded. 
Construction of th« two remaining machanisms has b««n started with completion 
«Kp«et«d «ariy in July 1967. 

2. 2. 4   Mass Lock 

Difficult!«« «ncount«r«d during assembly of th« first mass-locking maehanism 
indicatad that some r«d«sign would b« r«quir«d if accaptabl« r«liablllty was to 
be obtained.    Th« basic design concept has not been changadi the 10 kg mass 
ii rigidly blocked and keyed to a pair of instrument stanchions! th« Instrument 
frame and magnet assambly ii blocked with tectnftrl« lev«rs to a second pair 
of stanchionsi and th« quarts booms ar« shifted into a n«w position by «ec«ntric 
earn« that maintain th« operational load upon the booms yet spring load the 
trlfleaur« «nd to protect against damaging shock forces. 

Th« r«d«slgn ot th« mass lock has b««n completed and Kai r«sult«d in sig- 
nificant simplification of th« machandsm.   For inatance, a number of solid 
shafts, gears, and bearings which war« us«d te opas^at« th« various loching 
functions war« r«pi*ced with flexibl« shafts.   Th« mtsi-locking mechanism 
Is still a paper design and ha« net bntn mockad up as a compUt« »Mscmbly. 
For this reason th« «ff«ctiv«n«cs oi th« davlo« has not been «valuated and 
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flh»l iipiM ifkmion« will IJP lui'ihcuiiiing.    AfiPi- IPMIM ..... iitin|j|p|^l tin HIP 

Ihltl»! mMaa-hnkiiiu mpth^nigm,  iwo uddltlun«! IIMIIH wilt lit« rttln-n Hlt>tl,    li 
ii «Kpected thAl «11 of ih« lot<klnK ..«MMHIIIH.« will Im NVHIUIJI^ IM AutftiNt IMf»?. 

3.    PRELIMINARY TESTING OF THE LONQ-PEKIOD TR1AXIAL 
 BOREHOLE SEISMOMETER.  TASK k 

i. 1   GENERAL 

Mbontory toiting er th« LP trUxial v«iimym«t«r ig «MientlMlly complttt. 
ObttrvnUoni« And me«Nur«m»nt of it« ganeral characterlitlci h«v« continued 
for Mnveral week«.    The »•inmometwr hau been operated In a low-uain 
■ •iinograph lyntem during much of thin time. 

3.2   SEISMOMETER 

A number of apecifie teiti have been made on the experimental itlimomtttr. 
xne reiulti of a «hake.table driven «eiamomeler frequency raipome. the effect 
of temperature changei on maei portion, and the effect of initrumtnt tilt on the 
man petition and free period are reported in the following paragraph!. 

The completion and (netallation of the mam.locking mechanism will allow the 
eeiimometer i.o be lowered into a SO ft deep hole located at Oeotech'g Garland 
plant far furthwr operational teiti.    The lowering eequence and eubioquent 
operation of the lelimometer in a leiemogruph eyetem will provide deiired 
handling experience before the field teiti an »tarted. 

3. 2. I   Frequenty Reiponte 

Figure 4 ihowi the frequency reiponee of the experimental Model 26310 
■ eiimometer,    Teiti were run with the ieiemometer free period itt at 
23. 29 tee and at II, 49 it«,   Apparently, aromoloue data were obtained at 
frequenciei lower than the reionant frequency of the Initrument in that the 
■lop« of the reiponee curve in thii rang« deviate« from the IS dB/octave 
elope normally expected from itandard rectilinear ieiemometere usinu 
velocity traniduceri. 

The difficulty of making the ehake-tablo taut wai relatively ■•v«?e in the 
period range of 100 to 20 eoo boeauie of the high level of eeiimic noiie at 
Oeotech'i Garland plant compared to the low levoi of the ieiemometer output. 
In order to improve the iignal-to-noia« ratio during the ihake-table teiti, a 
Krohn-riite Model HOAR band-pan filter wai uied to attenuate the noiie out- 
■ide ihe band of intercit.   Since iuch a filter could conceivably modify the 

TR 67-91 



■   ■■ 

i 

I 
B 
S 
I 

i 

'A«) KNMtl« 

-8- 

TRtT-Sl 



mBftBUi*«»«] Ipwqueniy peiiiuniiw «if IHP »pUmtiiuPtwr,  ulnpfVÄlluii',   /in- nmdt* A) 

the «Kirpmi« fr«quemt«»i uf Intere»! with the filler l»iilh conntctwd «nü dlif 
tormntitsd,    In thin way,  M wan iinmlblt» In atljunl Iht* (IMMM Itnnd ol ihn filier fur 
ta il.ti frequtnty r«N|ninie th^uuMhuut Ihe Imnd of Inlereitl, 

While II in puHNihle Ihftt the I^MI litRtnuiuMilitlluit and/tir the in«m..i|' in whu h the 
lent w«n ( omhu led led I«» the «inmrentiy ttnuiiutluuN renuil» nhown «I the lunger 
|)«riudH uf lügure  4,  ä mure likely en pin nail on «ppettrn  lu invulvr thr «tioinn- 
try of the trUxial nelamumeter.    Plann have b.   n mad« tu examine thin punnl- 
billty an well an preparation fur udditiunal nhake-table tenln.    It nhuuld be 
raeogniaed that a vertical nhake table duee nut excite the mam uf the triaxial 
■ alMmimeter to the same amplitude uf a comparable vertical neinmumeter 
under the name tent condition!.    The mann uf the triaxial neinmometer In cun- 
■ trained tu move along a line inclined at S^V to the vertical,    Thin line in 
the neniitive or nurmal axle uf the leiimumeter and unly the cumpunent uf mann 
motion along thin axle ii effective in generating a voltage an thr coil muvn 
relative to the magnetic »trueture.    Thue,  for a given vertical nhake-table 
amplitude,  the expected component of man motion in the triaxial in 0, 477 lenn 
(cos S^^) than that of a vertical eeiamometer.    Thie factor ii important when 
comparing the nhakeHable derived frequency renpuna« of the triaxial to that 
obtained by driving the mam with the calibration coil located on the 94044' 
inclined axis, 

The generator comtant (U) ol the ilgnal or data coil can be determined from 
the ehake-table frequency reiponie.   The comtant determined ii the vertical 
component only and mutt be divided by 0. 977 to provide the  normal G ob- 
tained in calibration coil frequency reapome tenti,    The 0 determined in thin 
manner from the T0 - 23. 29 nee frequency reiponee curve of figure 4 ii 
73. 9 V i^c/m and that from the T0 e 16, 49 eee curve ii 86, S V eec/m.    The 
86. 8 V eec/m value comparee favorably to the 87, 2 V lee/m ai calculated from 
the coil dimaniioni and the magnetic flux level.   The variation in the value of 
0 at the longer period from that at the nhorter ii unexplained fur the pren«nt. 
It ihould be pointed out that the value of Q *i nhown in figure 4 ii from the experi- 
mental coil.    The final coil deeign will have a generator content of 122 V eec/m. 

3. 2, 2   Temperature JEffecte 

It wae reported in earlier reporte that teiting of the experimental »eiemometer 
element hai revealed a tendency of the mam poiltion to drift with temperature 
change.   Aa temperature ii decreaned, the man hai bean coniiitently obierved 
to riae.    This effect of temperature change un maae poaition can be referred to 
aa a «negative" temperature eharacteriitie.   Early teeti with the firet engi- 
neering model eeiimometer element have alao ihown thia negative temperature 
eharacteriitie. 

The magnitude of mam drift with temperature change ii related to the free 
period of the neiimometer.   Ae the free period ii increaaed, the amount of mam 
drift for * given temperature change inereaiai.   The average mam poiltion 
change for the experimental module with a free period of 19. 0 aeconda, ii 
0, iS mm/0r.   Although the magnitude of the mam drift with temperature change 
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IM    relattHl lu lhi> h »'•' pondU uf ihp »pi>iiiiumelt>i,
)  iht* ulUittMltt ■ourtp uf Ihp 

drlfl dot>H hol n«( «NNKi'ity urlglnnt« with Um itarlntl.delprminiMM inwchatiiim. 
Huwflver, «ddltioiiÄl uffurl tu Impruv» titARN-piiHititiri HtMliility IM plinntrl Mint» 
ihp RUHpPiiHloii of the Mudel IbUO MPlrmuitiPter !■ dKNliined for rumplute 
teiii|)pr«ttii'«i < iiMipptttittlloii. 

Tu dit«!  thpre h«« bütm llttlf NU^COHM In finding th« Bourse of the neg«tive 
temperfttur« ihÄParterlstlc.    A tiareful px«inln«tlun uf Ihn npUmurnBter RUM- 
pcinwlun Mnd (lll»tHbl» «yiittiiii duggPiilpd lh«l (»IIP puRHllile HOUPI p inighl l»p the 
manner in which the nenaitive axi* tilt-Uble drive motor wtti mounted,  Chttnge» 
in the deilgn uf the muunt did n H give the «xpectad improvement, 

Figuree "> «nd 6 ehuw the reeulte of five teete which were run unlng a hrHMH,  an 
tluminum, And A nontiompeniated motor muunt.    The failure uf the aluminum 
motor mount of teit No,  1 to complete the improvement RUggeeted by the braeN 
motor mount of tent NOR,   1,  I, and J led to the vuncluelon that maRR drift with 
temperature rhange could not be pueitively attributed to the RenHitive axiR tilt- 
table motor drive eyntem. 

Since :he experimenlal and the fint engineering model Reiemumeler exhibit 
approximately the eame negative temperature characteriitic, it ii vary likely 
that the Rource of the man drift with temperature change can be found.   If the 
■ign of the temperature characteriRtk had been uppueite between the two elemente 
thui far aRRembled. or if the elgn ie random among any of the element! to be 
aiitmblod, the chance« of finding the eource of drift and improving the tem- 
perature ttharauierlillu will be puut.    The probable source of the drift ii eui- 
pected to be with an erroneouely aieumed coefficient of thermal expanelon or 
thermal modului of elaiticlty. 

Even though a null temperature characteriitic ii deilrable. it ii unlikely to be 
obtained In practice, eipeelally at the longer pcrlodi.    Any man drift with 
temperature change will increaee ai the period ii Increaied,    At ite preient 
■täte of development, the Model 26310 eeismometer can be «aiily adjuited to 
deiired parameter! and, therefore,  should be eatiifactory with regarde to ite 
temperature eharacteristlci, 

Figure 7 «howe the hietory of a 70 h continuous run of the experimental 
«•iimomater element made over a weekend at ambient room temperature. 
The total maie drift wai 2, 7 mm for a 15. 20F change In temperature with the 
lelimometer free period of 15. 0 lee.   On two comecutivc dayi of the run, the 
man remained within 0. 45 mm of ite position through a 4. 7eF change in 
temperature, 

3.2,3   Tilt Effects 

A series of tests showing the variation of the mass position and free period 
as a function of seismometer tilt in both the c^oss-axis and sensitive-axis 
planes were made at the request of the Project Officer.   Figure S shows the 
setup used in the cross-axis tilt testa with the seismometer mounted on a 
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"trt-ilni" table.    Tilt wai lontPoUed by A jat-kicrew and itieaiiured by a ilnt< 
bar 4nd mleromtttr.    A more dellcat« (onlrul of ttit wa» required (.»r ihn 
tilt teiti in (he ieniitlve-ttxli |>laiie,    The extreinely Ninnll Uli i'«ngt' üf 
HO arc MC neceiiltated the tme of the Oeutech Model U760 till mWe. 

^lyurei 9, 10, und 11 »how th« re«ulti of the tilt teittN in Ihn »enMtive-aHlH 
plane.    The teetH were made with the nelimometer adjusted to the natural 
perlodi of 10,   ^0,   and  M  gee,    renpttttlviily.    An additkm»! leet In  the 
■ eniitlve*Kli plane wai made In which the mane wan repoillloned tu • imlnr 
by an auxiliary mai« adjuetment.    Th« rpnultii of thU tsit «re »hown In 
figure 12, 

A Mingle tait wae mad« with the »elemometer tilted In the i romi-eNiM plane, 
The free period wai adjunted to iO eec for this teet and the result» are »hown 
in figure 13. 

The teet result! ihi.wn in figure 11 are generally prodlttable by tonnlderlng 
the geometry of the Instrument Involved and the change In fort-ee with tilt In 
the lemitive-axie plan«.    The reiuite ehown In figure» 9,  10,   11, and I! an» 
only taiually predictable and their »ignifieanc« requlrea an Intimate know- 
i«dg« of th« Initrument. 

The tilt teiti at th« longer periods show a lack of "retrace" for the maee 
position ant' fr«« p«ri»d as tilt was r«turn«d from its maximum back to its 
r«f«r«nc« or "■•ro" valu«.    This lack of ratrac« could b« expected (although 
its magnitude cannot be predicted) by considering the mechanical hysteresis 
of th« «lasUe matarial« and th« d«formation of th« s«ismom«t«r components 
r«iulting from instrumsnt tilt. 

In order to get an «dea of the significance of th« tilt-test results, a s«arch was 
mad« for comparative literature of other long-period oeismometer tests either 
published or unpublished. Th« saarch was unable to locat« any p«rtin«nt data. 
App»r«ntly, tilt t«sts of th« nature described above ar« not g«n«rally mad« on 
s«ismom«t«rs of th« long-p«riod rang« invoivad, Th« fact that th« t«its could 
be made on the Model 26310 seismometer is encouraging and may further con- 
firm the stability of this instrument 

Figur« 13 has a signifleano« in addition to th« tilt «ffeets shown.   In Quartarly 
R«pert No.  3, it was raporttd that th« precision mercury switch«« u««d as 
tilt s«r;sors in th« r.^ss-axis plan« hav« a "daad" aon« or a aon« in which tilt 
Is not s«ns«d.    The k *wuU of this d«ad aon« caunas th« ssismometer ta have a 
tilt «rror in th« erose ^xl» plan« at th« end of th« tilt tabl« l«v«ling 8«qu«ne«. 
However, sine« th« m«rcury switehc« ar« a simpl« and rcliabl« maans of 
controlling th« cross^xis tilt motor th«y will b« retained for the present, 
figur« 13 shows that th« free period change a« a function of cross-ax's tilt is 
essanüally flat.   Thu«, it may b« exp«ct«d that th« fr«« p«riod will remain 
unchangad. for all practical purposes, as th« s«ismom«ter is allowad to 
r«eov«r from cross-axis tilt «rrors und«r control of th« m«reury switches, 
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J. I   INSTHUMENT CONTROLLER 

3. 4   ACCK3SORY EQUIPMENT 

i' 4, 1   Hulelocki 

Th« ouivr cait ig for m.ehanir.i «T-.    !i        , p tü l00 »Jil P^-^ure. 
hoUleck .mpioy. . ^Xr dH^n sY^^^^^^^^^        th* -UPPOrUn« ftPm-'    Th« 

th. h«l.look Support. *. in.t^ ^V «-^1 Joint. 

Thi lUbUiiing hoMock li ihcwn in fiuuro 11     TM- rf. 
Plung.r. which «ng«!. tht ct.ing at Si JL«*! iJl! u V ^ in<tir,d' Ä P»1' "' 

out.r MM of tht .Ubili.ing holtlock i. ?„!l^ y ih0i •tt<lch*d t0 the 
It ha. bi.n .ugg^.ttd thtt thl.   uDoor   i. H. ^ e0ntfflCt WÜh ihö eöiini- 

wattftight M.ombiy at tht LZ^H^n^VhT^ t0 ^^ ' 

*'*'*   C*biBii ami C^untiqctorn 

«Ltln, 4a pin conn«,,;. *"» *Zu?*%"J£a™'*>'^ "" »' 
vtdti S9 .tietrle.t conuctn, m .„cho, L, ,k.    t, ^ '   "" "»"«tor pro. 
- .«..«v.«..«, s^t^'iÄ^^j :;B

s
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3,4.3   IniUlUtio» Squi^mpnt 

Animulhftl oriunuiion of the trUnUl •elBmumelfr I» * unsUlprpd uf nmjor 
imporuncs.    To provldf thin orienUllon at inllUJ InnUlUUun und tu \wemi\ 
rurth«r adjuilmötu» durln« field lr»llng,  ipteiftl InBUiUtton devK e« muni Uv 
uitd.    Thai» d«vJe«i »re nhown In figurei 17 und IB.    The minjier ol llnur« 17 
ii «lie »hewn In fluur« I «ttached to the Instrument jjawkftge. 

The r.verihot,   »hown In rigure 17,  engage» the «linger for ponilionlMg the 
• eiimometer.    To engage the illnger,  the uverihot I» lowered until II make« 
contact.    It ie then allowed to rotate lounterclockwiie until it "boltomn. "   The 
ovtnhot ii then lifted »tralght up to lock it on the minger. 

To diiengage the Htinger,  the overihot muBl be lowered «lightly (about J/4 in. ) 
and then rotated at laait 41° ciockwlie (viewing from above).    It can then be 
lifted clear of the stinger. 

The ovenhot ii poiltloned by meani of a «tring of 10 ft long nectlon« of 
lepmlem mechanical iteel tubing.    The endi of the tubing eection«, an well 
• e the ovenhot, are fitted with keyed Jolnti ai ihown in figure IS.   The 
inetrumant ii lowered or railed in 10 ft increment« a« length« of tubing are 
added or removed.   The ovenhot and the tubing etring are di«»ngaged from 
the ieiemometrr after the instrument ii «ecurely located in the hole.   The 
tubing itrins i« completely removed from the hole during operation and muet 
be reattached to the Instrument when relocation or removal of the ««iimometer 
ii neee««ary. 

The initrument i« railed or lowend by meam of a I-ton capacity electric 
chain heilt «uepended from a 20 ft tripod centered over the hole.   The «ignal 
cable ii ipooled in or out or the hole by a imall electricelly driven winch at 
ShT lame rate the chain hoiit lowen or raiiei the leinmometer. 

4.    riBLD MBASuWCMKNTS WITH THE LONG PBRHD 
TRIAXIAL BORBHOLE SBIMMOMETBR.  TASX Id 

Field meaiunmenti to colltot and anaiyae long-period data to determine ilgnal 
and noiie eharacteriitici in a ihallow hole at the UlnU Baiin Seiimologlcal 
Observatory ii expected to begin the fint part of October 1967,   Thii evalua- 
tion will be concentrated upon a performance eompariion of the trlanlal ieii- 
mometer with the eonvintional advanced long-period leiimometen. 

A schedule for the completion of work under Project VELA T/6706 ii ihown 
in figure 19.   The ichedule reflect! the datai for work on exiiting taiki ai 
well ai the date« for propoied work under Task le. 

TR 67-11 



eiNTURINO 
Nl 

Pliun IT. Mini« mi 3»«il>oi «Hd le Imlill ** »M»VI IN If IfliMal MliiwiMtif 

-26- 

0 1IOI 

TR 67-11 



ITIIL TUIINO 

Hiui» li Kiyid Eoupimii le/ milrtlilnlni orIMIKIM PI Ihi LP Irlmlil ifHmeiMtif o mi 

TK 67-^1 



TAIK IC 
MIUMlNANy 

TIITINO 

OAKLAND 

WMIO 

UIIO 

TAIK [0 
PIILD 

MIAIUMMINTI 

IVALUATION 
OP DATA 

TAIK II  IVALUATION 
AND MODIFICATION 

COIT (VALUATION 

DIIION, f AIKICATI, 
AND AIIIMILI 

PIRFOHMANCI 
■VALUATION 

FARAiM PORTI 

Fliurt II. WIIAJII Iw Mfflpltllwi el «»ffc unto P»)t«l VILA T/07W 

0 1161 

TR 67-91 

•at- 



\ 

APPENDIX to TECHNICAL REPORT NO.  67*41 

STATEMENT OF WORK TO BE DONE 



13XH1B1T "A" 
TQ M DON« 

1/6706 
1 - wlrtll Wot.: 

mtnt«! invMitliatlen, di(ln«d In Prejtee VT/072, of charm«! nolit eo«- 
pontnti In ■•limograph •yittmi, uilng tomien«! ptndulumi ind •■•e«iattd 
•qulpmsnt avalUbl« from that projaat. Datarmlno aNparimtntally tha 
apaotral diatrlbuttena of thoraal nolia In i«lamo|raph ayitama and oempara 
tha aNparimantal raaulta with thaorotUal pradUtiona, aa thoaa darlvatf 
by tha National luraau of Standard», for aMampla. Provlda data and 
mathoda 'or datarmlnlng tha ultimata peaalbla magnlfloatlon of a eaidmograph. 
Work on thla taak la to ba aemplatad within '• montha of tha Initial autho- 
rlaatlen datat 

b. jmiaMni gf i ligni-rtr^llr^ifi^ ggcih?lt J^Misaauuix.  Modify 
tha "Malton" long-parlod trlaKlal lalamomatar dovalopad undar Projaot VT/072 
to adapt It for routlna oparatlon In ahallow (200-Coot) boraholaa. Kaduaa 
tha aalamomatar'i dlanatar ao It will fit Inalda atandard I3,375''inch out- 
alda dlamatar ahaltow-wall «aalng. Davalop and add a aultabla laval aanaor 
and ramotaly-eontreUad lavalllng davloa, 

Prapara a eaiad, ahallow borahola at a VELA aalamological obaarvatory to 
ba daalgnatad by tha AFTAC projaot offlcar, Aaaambla handling aqulpmant 
for Inatalling tha aalamomatar. Conduct prallmlnary taata of tha modlflod 
Inatiumant in tha %%%% holo to datarmlna Iti atablllty and tha affaota of 
tamparatura and looal tilting aa funotlona of dapth. Through tha uaa of 
Improvad Inatallatlon toohnlquaa, aalaetlva flltarlng, daalgn Improvamont 
or othar moana, davalop a mathod for oparatlng tha aalamomatar ae that 
magnlfloatlon In tha 10 to 100 aoa porlod band la Umltod only by propa- 
gating aalawlo noiaot 

„  '• rUld MaMUr^t» with th» Lona-PtrUd Trlaxlal iorahola iolamomoff. 
Oollaot andanalyaa sata to datarmlna lonQ-parTod algnal and nolaa aharaaiar- 
iatloa In ahallow borahola», to Idantlfy principal long>parlod aaiamio nolaa 
componanta, to aacartaln dapth-anvlronmantal affaota, and to compare tha 
parformanca of tha trlaNlal beraholo aolamematar with atandard long-porled 
aotaniemrtori. 

Ji Pft* Mauiramantai Provlda roport aa ipoolfltd fay t)D Fon» 1423» with 
Attaohinont 1 thoroto. 

^oV*^0 m »(W>-1^0Ä 
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AtUohmtnt 1 to OD Form 1423 
MPORTi 

ATTAC Prejiot Autherliition No. VILA T/6706 

1. Cientrali Provldt monthly, quarterly, final, and aptoUl rtporti in 
aaeotrdanoa wUh ■ineanea 1, paragraph I ot Data Utm I*17"13I.0, ATION 
310*1i hewavar. if thai data itam aenfliata with eha inatruoeiona of 
paragraph 2 balew, eha laecar will eaka praoadanoa. 

2. Noortai 

a. Monfhlv icatua Kaoarea. A monthly lattar-typt atatua rapert in 
16 oepiaa, aummariaini werh for eha oalondar month, will ha auhmieead to 
AFTAC by tha Sth day of tha following month. Baoh raport will ba idan- 
tifiad by tha data llatad in paragraph 2a and will ineluda, but nei bo 
limitad to. tha following aubjaot artaai 

(1) Taohniaal Itaeua. Ineluda aooompliahmanta, problama 
aneountarad, futura plana, aationa raquirad by tha g^varnmant, and 
appropriate illuatrationa and photographa. 

(2) Vinaneial Itaeua. Tha eontraoter will follow eha previaiona 
of Data Itam A-15-17.0, APICM 310-lA (Coat Planning and Appraiaal Unit), 
in aubmitting finaneUl data. 

For eha laae moneh of aa«h rapore period eovered by a quareerly progreaa 
repore, ehe monthly aeaeua rapore need inelude only ehe finaneUl Informa- 
tion. 

b. Quareerly ProHraaa Raeorca. Quareerly progreaa raport« in SO 
eopiea, aummariaing work for 3-ireneh perioda, will be aubmieeed to APTAO 
wiehin 19 daya afear ehe eloaa of eaeh such period, laeh report will be 
ideneified by ehe data Hated in paragraph 2e and will ineluda the noeieea 
liaead in paragraph 2f, Saeh report will preaane a preeiae and faeeual 
diaeuaaion of ehe eeehniaal findinga and aooompliahmenea for ehe ene'ire 
repere period, uaing a format aimilar to ehae of ehe final reperea under 
Coneraee AT 33(637)-9967, aa well aa ehe ceehnieal informaeioR ordinevily 
required in ehe monthly reperea, 

o. Fini,! Rfperea. llyi final rapore on Taak la will ba aubmieeed in 
90 eopiea to AFTAC wiehin 60 daya afear work on ehae projeee ia computedi 
ehe final repere on ehe remaining eaaka will be aubmieeed in 90 eopiea 
within 60 daya after the eempletion of all work. Eaeh report will be 
identified by the data liaeed in paragraph 2a and will ineluda ehe noeieea 
liaead in paragraph 2f, laeh rapore will preaane a eompleee and factual 
diaeuaaion of ehe eeehnleal findinga and aeeompliahmenea of ehe projeee 
eaaka, uaing ehe quareerly-repore formet, 

'•   IffHtH Hnttj. 
(1) Ipeeial reperea of major evenea will be forwarded by eelenhene, 

telegraph, or aeparaee leeeer aa ehey eeeur and ahould be ineluded in ehe 

^fcOO^0 AF M(6S7).16406 
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f«n»uini monthly ftport, Spiclflo Utmi ir« to lMlu4t, bue art not 

funding riqulMn»inti. 

(i)    IpasUl tMhnUil rtporti moy bt wqulwd for InitrvHUjnt 
.v.luittini, projtot foomm.nd.ttom. and ipaflUl "f1" ;h" t!ui

l
rt.rly 

Jolt daatlaili to hava thaaa Umi raportad aaparatalj f'0" ;hi4;"!"
,fly 

J! Jlnal taporta. «paoUta format, aontant, numbar of aopiaa, and dua 
dataa wtll ba furnlahad by thla haad^uartara. 

(3) AU latawoirawa and oparatini log»,  Ineludtni MVliRMl 
i.«.M«iiiM e2»e.rnlnt tlma. data, typa ol Inatrumanta, maintflaatlon, 
tMtrilU ba""IlÜS i^'rajua^ad^by tha AFTA. projaat offloot. 

All monthly, tartarly, and final raporta 
lantlllaS'ty tka lollowlni datai 

AmO Projaat No. VIU T/6706. 

Projoot Titla. 

AAPA Ordar No. 624. 

ARPA Program Coda No. MT 10. 

Nama of üontraator. 

Contract Numbar. 

Rffeettva Data of Contraet. 

Amount of Oontraat. 

Nama and phona numbar of »rojaat Managar, lalantlat, or Inglnaar. 

f, ^tloi. 

m All «uartarly and final raporti will inaluda tha following 
notiaoa on tha oovar and firat paga or titla pagai 

iMftmii bv 
Advanead Raiaarait Projaeta Ag«nay 

Nualaar Tait l^ataation Offiaa 
AKPA Ovdar No.  624 

Qualiflad utan may raquaii aopiaa of thla doaumant fromi 

Dafanaa Doaumantafiion Canfiar 
Camaron Station 
Alanandria, Virginia 21)41 

H«l?ÄO a 3)(657)-lft406 



This ruairch wai tupporttd by th« Adv«no«d Mitaroh Prejteta 
Agoncy, Nucltar Ttit Dteootlon Of fiat, und«r thi VEU-UNirORH 
I'rogrdm and w«i lecomplUhtd undtr thi ttchntflil dlrterion of 
Af-M}X87?-iLorhnU*1 Ap'UMtl0Bi C,nlif yB-ir Mlimal 

(2)    All «|u«rttrly «nd final rnporti will Inoludt a copy of 
DD renn 147), Deoumane Control Data - MD (Kafaranea ATM 10-29).    MUQ 
will dailanata th« appropriaLt Avallablllty/Limltationa Notioa for uao 
on thaaa forma• 

Al* W(657)-164C6 

MM 



OOCUMIHf CONTROL DATA .RAD 
 iij^iU<J!_L£^ll!i±'j»EJ!lJli>liJM^»l »Mijtarl n»rf n^nmt amtlalhm mutt to ■ tinfii »iwn iiw antall WM#! [I tXti««)*»« 

Otottoh, A Ttltdyna Company 
HOI Shiioh Road 

^»trUnd, T.Kf 

Une)«iiifi«d 
lil. •«•wt« 

Qurttrly Rtport No.  4,  Projtot VT/6706 
LONO-PERIOD SEISMOGRAPH DEVELOPMENT 

4   BlltHOflVI N«TtlfTVMM(r«|IWI«Ml(lNf(uilV«i<*ltil 
Qutftcrly Rtport,  I Jtnutry throuih 31 March 1967 
Rwin /m>.i»;{..., „MI, M\U U.I «..«•) r ■  
Andraw. D.  B. 
Ktrkpatrick, B. M 

21 AM|Uit 1967 

AF 33<6S7)-16406 

VELA T/6706 

fl. TtTtk Nl. If Pllll fh. Rl   Cf ««71 
 40 ^  

Tachnioal Raport No. 67-SI 

Quailflad raquaitar« may obtain eopiai of thii raport from DDC 

lijpniimiTm N FTWl 

mnnrw nr 

KQUSAF (AFTAC/VELA 
Saiimoloflcal Cantar) 

Dnveiopmant if tha long-parlod triaxlal laiimomatar and laboratory 
taitinn of its eharactarlitlei ii anantially complata.   Manufacturing 
oliangti In tha man-lock and pariod-adjuit maohaniimi ara raquirad 
I njra thay can ba anamblad on tha taiimcmatar for laboratory and 
fiald taiti of tha initrumant.   Shaka-tabla fraquanoy raaponta, tha 
affaet of tamparatura ehangai on man poiition, and tha affaot of 
instrumant tilt on tha man position and fraa pariod ara raportad, 

■ 
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